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SPENT NUCLEAR FUEL PROJECT ESTIMATE OF VOLATILE FISSION PRODUCTS RELEASE
FROM MULTI-CANISTER OVERPACKS
INTRODUCTION
Spent nuclear fuel (SNF) has been stored at Hanford in the K Basin pools for up to 30 years. The SNF will be moved from the K Basins to a dry, interim storage facility, the Canister Storage Building.
Spent fuel has been irradiated and contains many fission products. Some of these fission products are volatile and are potential environmental hazards. During the drying, stabilization, and storage of the fuel, the environmental risk must be understood and minimized.
As long as the fuel is intact and non-oxidized, the fission products are contained within the metal matrix. Release of the fission products through solid state diffusion is extremely low at ambient temperature.
Mechanisms for increasing the fission product release rates include heating the fuel and oxidation of the fuel. Heating the fuel increases the solid state diffusion rate. A 50-100 micron layer of oxide on the uranium metal surface is formed apon contact with either water or oxygen. Diffusion of fission products through uranium oxide is much faster than diffusion through the metal, therefore, oxidation is the key mechanism for fission product release.
EMPIRICAL MODELS
It must be clearly stated that no data is available for the release of fission products from either uranium metal or oxide in the temperature range of ambient to 300 "C (the range of interest). Data does exist for the release of fission products from uranium dioxide in the temperature range 1000-2200 "C from the Light Water Reactor (LWR) severe accident studies (Owczarski 1996) . Two empirical models have been formulated for this higher temperature range.
The empirical models initially used in the LWR severe accident studies are based on the definition of a fractional release of the radionuclide r per unit time, k, time-1. This k, is defined as the fraction of r released to the atmosphere per unit of time from the mass of r, m,, in a given amount of uo,.
This rate constant is a function of temperature alone. Equation (1) was applied to all positions in the LWR during a severe accident scenario (loss of coolant, heat up, and melting), covering a large range of temperatures (NRC 1981) . The equation(s) used for calculating the Ks is an empirical fit of data of the form:
where T, is the oxide temperature in degrees Celsius.
Values used for the As and Bs are found in Table 1 . They are taken from NRC 1981 (see next paragraph) for the low temperature range 1000-2200 "C. Because they are a function of temperature alone, they are independent of exposed surface area and degree of cladding failure. Using this approach in an MCO only requires that the quantities of UO, present and the temperature histories of each portion need to be tracked in an MCO model.
Since a number of radionuclides are not specifically identified in NRC 198 1, but Table 1 is assigned values of the As and Bs for similar elements. All of the transuranic elements were assigned he1 U values. Iron, nickel, and cobalt were assigned the structure (steel) values.
Pu-240
SrN-90 Kelly et al. (1984) introduced the Arrbenius form of temperature dependence as being "more reasonable" and a better fit with the experimental data. In this form where R is the universal gas constant and T the absolute temperature in Kelvin degrees. Table 1 also contains the applicable values of the &s and Q,s that were published. Figure 1 displays the ks calculated from Equations 2 and 3 for strontidyttrium-90. Figure 1 is typical in form for the ks calculated for the other fission products also. Over the experimentally calibrated range of 1000 to 2200 "C, these two functions are very similar. However, as noted above, Kelly states that the Arrhenius form is more reasonable and fits the experimental data more closely.
It is unfortunate that the process temperatures proposed for the spent fuel lies in the uncalibrated range below 1000°C. These two functions diverge widely below 1000 "C, and one must choose which to use. Since the Arrhenius function appears superior in scientific basis and experimental fit, it will be the function used to estimate the release rate for volatile fission products from the MCO.
Since all of the pre-exponential factors and activation energies were not published for each of the isotopes in Table 1 , values were estimated based upon similar ionic charge to radius ratios and are presented in Table 2 . 
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Revision 0 ' Monatomic tritium forms tritiated water upon reaction with oxygen. Due to the rapid hydrogen isotope exchange occurring upon water and hydroxide ions, it is postulated that the release of tritium to the atmosphere is essentially instantaneous. Although proof of this statement is not included, it is a conservative assumption.
The rate of diffusion of carbon-I4 through uranium dioxide is not known or measured. It will probably form carbon monoxide or carbon dioxide in the presence of oxygen or elemental carbon particles in an anoxic atmosphere. To remain conservative, it is assigned the same diffusion rate as the noble gas krypton-85. 
AIRBORNE RELEASE RATES
If mro is defined as the growth rate of isotope r within the oxide due to oxidation of metal, and kp, is the airborne source term rate, the change in isotope r with respect to time can be given as: = m,,*(t,-t,) + (mr, -(m,flc,))(l-e-k"2-"))
since for most MCO applications, \t <<l, and the spreadsheet function of exp(-\t) is inaccurate.
Equation 9 can be expanded for small x as exp(-x) = 1-x+X2/2!, which gives:
Equation 10 is used for spreadsheet calculations if k$ < 0.01. Otherwise, Equation 9 is used. Table 3 gives the integrated release of fission products in Bq/cm2 for the oxidation of exposed metal at 600 "C at 1 hour, 4 hours, and 8 hours. Table 4 gives the integrated release of fission products in Bq/cm* for simulated hot vacuum drying conditions (300 "C and at 5 torr water pressure). Table 5 gives the integrated release of fission products in Bq/cm2 for simulated cold vacuum drying conditions (50 "C and at 5 torr water pressure). Table 5 . Fission Product Release During Cold Vacuum Drying. Table 6 gives the integrated release of fission products in Bq/cm2 for simulated hot conditioning conditions (150 "C and at 2% oxygen in an argon atmosphere). Table 7 gives the integrated release of fission products in Bq/crn2 for simulated long-term storage conditions (50 "C and at 0 torr water and oxygen pressures). From Table 3 , at 600 "C, a significant number of fission product isotopes are released within 8 hours. These include . Due to the low diffision rate constants at or below 300 "C, all significant amounts of the fission products are retained within the uranium oxide, except for tritium.
FISSION PRODUCT RELEASE CASES
CASE 1
CASE3
CASE4
The tritium release rate is directly related to the oxidation rate of the uranium metal. The highest release rate is observed for Case 1 involving the 600 "C uranium oxidation.
The radiological dose delivered to site workers and the general public from fission product release should be evaluated. The radiological dose from internal absorption and from submersion in a gaseous atmosphere is given in Table 8 .
To build an entire dose model, in addition to the data in Table 8 , other parameters must be known or postulated. Examples of such parameters are: the oxidation rate of the metal (controlled by temperature, surface area and reactive gases), the release fraction (i.e., the ratio of the amount of isotope that goes airborne versus the amount that is retained on the oxide or other surfaces), the concentration of the isotopes in the atmosphere at given locations, and the breathing rate of exposed personnel.
Factors affecting the isotope concentrations are: the dilution rate due to mixing with noncontaminated gases, the distance from the source, and the difhsion rates of gases and dust particles bearing the isotopes.
The dose model is, therefore, site-specific and cannot be postulated generally. Due to the lack of site-specific information at this time; such as, size of rooms or buildings, ventilation exchange rates, site wind velocities, and diffusion rates of gases and dust particles, a site-specific dose model will be postponed. 
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